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SUMMARY AND CONCLUSIONS 

The acute toxicity of the substances toluene diisocyanate 80/20 (TDI). t0luene diamine 

80/20 (TDA), diphenyl-methane-diisocyanate (MDI) and 4,4'-diaminodiphenylmt!thane, 

lahoratory product (MDA) to the worm Eiscnia fetida were tested in accordance with the 

OECD Guideline 207 (ref. I) and the Draft EC Guideline (ref. 2) and the OECD principles 

of Good Laboratory Practice (ref. 3). 

The four test substanc~c;; were tested separately. 

Worms were expose'J to the test substances mixed witi1 artificial soil for a period of 

14 days. after which survival was determined and the condition of the worms as to mobility 

and appearance was visually assessed. At the start of the experiment and after 14 days the 

surviving womlS were individually weighed. 

The concentrations of the test substances are er..pressed in mg per kg of the city artificial 

soil. Th~se concentrations re!er to the test substance as supplied by the sponsor. 

Range-finding tests were performed with the four test substances in concentrations of 0, 10, 

100 and 1000 mg.kg-1. Based on the results of these :;ange-finding tests the concentrations 

of the fmal tests were chosen. In the final tests, the dosed concentrations were: 

TDI 

TDA 

MDI 

MDA 

: 0 and 1000 mg.kg-1 

: 0, 46.4, 100, 215,464 and 1000 mg.kg-1 

: 0 and 1000 mg. kg· I 

: 0, 18, 32, 56, 100, 320 and 560 mg.kg-1 

The following effect concentrations were observed in the four tests: 

TDI TDA 

14 day LC50 >1000 >1000 

14 day NOLC ~1000 464 

I~ day NOEC (weight increase) ~1000 215 

14 day NOEC (behaviour and appearance) ~1000 215 

MDI MDA 

>1000 444 

~1000 180 

~1000 32 

~1000 56 
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No effects on mortality, weight increase, behaviour or appearance were observed for the 

two diisocyanates (TDI and MDI) after 14 days exposure to the highest :est concentration. 

i.e. 1000 mg per kg of dry soil. 

The lWO diamines (TDA and MDA) apppeared to be more toxic than the corresponding di­

isocyanates. wb1e MDA was more toxic than TDA. 

The environmental conditions during the experiments were as fellows : 

Temperature : 20 ± 2°C 

TDI TDA MDI MDA 

Moisture content (%) at stan 54 52 53 55 

Moisture content (%) at end ::3 48 49 51 

pH at start 6.2 6.4 6.3 6.2 

pH at end 6.7 6.7 6.4 6.6 

(moisture content is based 0n dry constituents) 

• 
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1. INTRODUCTION 

Tt;e acute toxicity of the ~ubstances toluene diisocyanate 80/20 (TDI ), toluene diarnine 

80/20 (TDA), diphenyl-methane-diisocyanate (MDI) and 4 ,4 '-diarninodiphenylmethane. 

laboratory product (MDA ) to the worm species Eisenia fetida were dete110ined a: the 

request of the sponsor. The tests were carried out in conformity with OECD Guideline 207 

(ref. 1) and the Draft EC Guideline (ref. 2) and the OECD principles of Good Laborator; 

Practice (ref. 3 ). The test substance~ were supplied by the sponsor. 

The four test substances were tested separately . 

for each t~st substance, the objectives of the studies were to determine, in case effects 

could be observec at concentrations at or below 1000 mg.kg-1 of dry soil (the highest 

concentration normally tested according •o me OECD Guideline no. 207 (ref. 1) and the 

Draft EC Guideline (lef. 2) in acute toxicity assays with the worn species (Eisenia feri.da) : 

• the 14 days LC50 of the test substance, i.e . the concentration which kills 50% of the 

r.xposed wvnns in 14 days under the experimental conditions defined in section 2.4 . 

• the minimum ~oncenuation tested producing total mortality and tbf .· PiXI m um 

conceutration tested producing no mortality and preferably also the rnc.ximurn 

concentration tested producing no visible abnormalities. 

Otherwise. the objective of the studies was to determine in a limit test whether no effects 

could be found at a concentration of 1000 mg.kg-1 of dry soil. 

The effects of conc~.-ntra:, (•.'S higher than 1000 rng of test substance per kg of dry soil were 

not investigated . 

Relevant dates for the te~ts were: 

TDI Protocol (TNO s!udy no.: GLP 91/%3) signed by the Study Director on 

April 19, 1991 

Amendment No . I to this protocoi signed b:v the Study Director on : October 4, 

1991 

Penod of range findmg test 

Period of Final test 

January 31. 1992 to February 14. 1992 

February 28. 1992 to March 13, 1992 

• 
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TDA : Protocol (TNO study no.: GLP 91/064) signed by Study Director on: 

April19, 1991 

Amendment No. 1 to this protocol signed by the Study Director on: October 4. 

1991 

Period of range finding test 

Period of Final test 

January 29, 1992 to february 12, 1992 

March 31, 1992 to April 14, 1992 

MDI Protocol (TNO study no.: GLP 91/065) signed by the Study Director on : 

April 19, 1991 

Amendment No. 1 to this protocol signed by the Study Director on: October 4, 

1991 

Period of range finding test 

Period of Final test 

March, 14, 1992 to March 27, 1992 

April 2:, 1992 to May 7. 1992 

MDA Protocol (TNO study no.: GLP 91/067) signed by the Study Director on . 

April 19, 1991 

Amendment No. 1 to this protocol signed by the Study Director on: October 4, 

1991 

Period of range finding test 

Perit'd of Final test 

January 31, 1992 to February 14, 1992 

February 28, 1992 to March 13, 1992 
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~. MATERIALS AND METHOD 

2.1 Test substance 

The test substances were toluene diisocyanate 80/20 (TDI). toluene diamine 80/20 (TDA ). 

diphenyl-methane-diisocyanate (MDI) and 4,4'-diaminodiphenylmethane, laboratory pro­

duct (MDA). The test substance ~ will be indicated in this report by the abbreviations. TDI. 

TDA, MDI and MDA respectively. 

For these tests the following batches of tesi substance were used: 

TDI The batch of test substance was received on July 2, 1991 in a 1 litre aluminium 

screw-capped bottle . This bottle was labelled: 'Desmodur T80 Giftig 2,4/2,6-di­

isocyanat-toluol., Datum: 20.6.1991, Partie: 808, Tank : 6, Referenz: IMW 

9In46. The test substance came in the form of a colourless to yellowish liquid. 

The test substance was stored at room temperature, prot~cted from light in a 

closed cupboard. According to the sponsor, TDI contained 80% of the 2,4 

isomer and 20% of the 2,6 isomer of toluene diisocyanate and its purity was 

more than 99.9%. TDI was stated to react w1th water anci to be soluble in aceton. 

TDA Tr.e batch of test substance was received on July 2, 1991 in a 1 litre aluminium 

screw-capped bottle . This buctle was labelled: 'M-TDA, Giftig 2,4 u 2,6-

diaminotoluol., 4.6.91, PT.l2, Referen_: IMW 9ln46. The test substar1ce came 

in the form of a Jrown solid. The test substance was stored at room temperature, 

protected from light in a closed cupboard. According to the sponsor (he batch 

contained more than 99% active ingredient, i.e. toluene diamine . The water 

solubility of TLA was stated to be about 100 g.I-1. 

MDI The batch of test substance was received on February 24, 1992 in a 1 litre aluiT'i­

nium screw-capped bottle. This bottle was labelled: '4,4' diphenylme..nan-diiso­

cyanat, isomerelhomologe, harmful, Bayer AG'. The test substance came in the 

form of a dark-brown liquid. The test substanc'= was stored at room temperature, 

protected from light in a closed cupboard. According to the sponsor the active 

ingredients of MDA were diphenyl -meth~'le-diis<' ·- j an ate (isomers and homolo­

gous) and cons1sted of 40-50% of the 4.4'-isomer, 2-4o/c of the 2.4'- isomer and 

40-60% of 3-ring isomers. MDI contained traces of phenylisocyanate and 

• 
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monochlorbenzene as impurities. MDI was stated to react with water, forming 

urea and C02 and to be soluble in aceton . 

MDA The batch of test substance was received on January 20, 1992 in a 1 li • .JUare 

glass bottle with a blue screw-cap. This bonle was labelled: 'Referenz 1\-!W 

911746, 4,4 '-dia.rn..ino-diphenylmethan, BMC 200/10: MDA 100 dest' . The test 

substance came in the form of a colourless to light yellow solid lump. The test 

substance was stored at room temperature, protected from light in a closed 

cupboard. According to the sponsor its purity was more than 99.5% of the active 

ingredient. 4,4'-dia.rn..inodiphenylmethane (laboratory product). MDA contamed 

traces of 2,4'-dia.rn..inodiphenylmethane and higher molecular w~ight oligomers 

as impurities. MDA is stated to be practically insoluble in water and to be 

soluble in aceton. 

The compor.ition and properties of the four test substances as specified by the sponsor are 

recorded in Annex A. 

2.2 Test organism 

The test organism was the worm species Eisenia fetida, grown in the laboratory in a horse ­

manure garden soil (1: 1) mixture at about 23°C. Their weight (per worm), and its standard 

deviation. were measured at the beginning and end of the test (see Table B 1 ). The worms 

had been grown from stock originally supplied by NL\C-proefdierbedrijf, Millseweg 1, 

Beers (N-B), the Netherlands. 

2.3 Artificial soil 

The anificial soil consisted of finely ground (no visible plant remains) sphagnum peat, 

kaolin clay and fine industrial sand in a ratio of 1:2:7 (based on dry weight) (for details see 

annex C). Some calcium carbonate is added to the soil to adjust the final pH of the mixture 

to 6.0±0.5. 

For test substances which were sufficiently soluble to be dosed directly in water to the 

relatively dry artificial soil. all components were mixed in a small electric cement mixer 

before addition of the test substance . However. only Tr A could be dosed in this manner. 
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Test substances which could be dissolved in acetone, were prepared by another method. A 

kaolin clay-sphagnum peat mixture was prepared and thourougly mixed with a hand mixer. 

An appropriate amount of industrial sand was coated with the test substance and thereafter 

mixed through sufficient kaolin clay-sphagnum peat mixturt . Soils with TDI. MDI and 

MDA were prepared in this way. After addition of the test substance, water was added to 

yield a final water content (based on dry constituents) of about 55%. 

2.4 Test method 

The test was conducted in accordance with the OECD Guideline no. 207 (ref. 1) and the 

Draft EC Guideline (ref. 2) . Range-finding tests were performed with the four test 

substances tu determine tre test concentrations in the- final test. For TDI and MDI no 

effects were observed in these range-finding tests at a concentration of 1000 mg.kg· l of dry 

soil. Therefore, the;e two test st~IJ~tances '·ere tested in a limit test. 

The preparation of the test medium is described for each test substance separately. 

The moisture content recorded is alway based on dry constituents. 

2.4.1 Preparation of test :nedium with TDI 

TDI was tested in a limit test, i.e . only controls and a test substance concentration of 1000 

mg per k6 dry soil were tested. A quantity of 2506 mg of TDI was accurately weighed and 

dissolved in 500 ml acetone. From this solution 100 ml was added to 350 g dry fine 

industrial sand in the test containers. After mixing, this was left to dry for two days in a 

fume-cupboard, after which time the acetone had evaporated. 

A kaolin clay-sphagnum peat mixture with a dry weight ratio of 2: 1 was prepared by 

mixing 4 .70 kg dry kaolin clay with 4 .83 kg wet sphagnum peat (consisting of 2.3 kg dry 

sphagnum peat and 2.53 kg water, moisture content 109.8%) and 93.02 g CaC03 . A 

quantity of 207.4 g of this kaolin clay - sphagnum peat mixture (dry weight 152 g) was 

added to the test container to reach a concentration of 1000 mg TDI per kg of dry soil. 

Controls w..:re prepared in a similar manner by adding 100 ml of pure acetone to 350 g of 

sand. 
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The test containers were shaken thoroughly to mix the sand with the sphagnum peat - clay 

mixture . A quantity of 219.8 m1 dt!mineralized water was then added to the test container. 

The water was left to soak into the artific~al soil, which was not stirred or mixed after this 

addition. 

Five containers with 1000 ;-- .:; TDI per kg of dry soil and fi·v'e containing control soil were 

separately prepared in this way. 

2.4.2 Preparation of test medium with TDA 

A quantity of 4979 mg of TDA was accurately weighed and dissolved in 1 I demineralized 

water. Of this stock solution, 23.2, 50, 107.5 and 232 ml were diluted with demineralized 

water to 500 ml in order to obtain solutions of 232, 500, 1075 and 2320 mg per litre. From 

the.:;e solutions, samples of 100 ml were diluted to 107 ml with demineralized water. These 

samples of 107 rrJ were added to pots containing 667.5 g of artificial soil with a moisture 

content of 33.5% (consisting of 500 g dry soil and 133.5 g water) to reach concentrations 

of 46.4, 100, 215, 464 and 1000 mg of IDA per kg dry soil. Controls were prepared in a 

similar manner by adding 107 ml of demineralized water to pots containing the same 

amount of soil. Five containers with 46.4, 100, 215, 464 and 1000 mg TDA per kg of dry 

soil :md five containing control soil were separately prepared in this way. 

2.4.3 Preparation of test medium with MDI 

MDI was tested in a limit test, i.e. only controls and a test substance concentration of 1000 

mg per kg dry soil were tested. A quantity of 2550 mg of MDI was accurately weighed and 

dissolved in 510 ml acetone. From this solution 100 ml was added to 350 g dry fine 

industrial sand in the test container. After mixing, this was left to dry for two days in a 

fume-:upooMd, after which time the acetone had evaporated. 

A kaolin clay- · phagnum peat mixture with a dry weight ratio of 2: 1 was prepared by 

mixing· '.000 g dry kaolin clay with 1025.6 g wet sphagnum peat (consisting of 500 g dry 

sphagnuna peat and 525.6 g water, moisture content 105.1%) and 15 g CaC03. 202.55 g of 

this kaoli~ d:.y- sphagnum peat mixture (dry weight 150 g) was added to the test container 

to reach a test concentration of 1000 mg MDI per kg of dry soil. Controls were prepared in 

a similar me. mer by adding 100 m1 of pure acetone to 350 g sand. 
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The test containers were shaken thoroughly to mi~~ the sand with the sphagnum peat - clay 

mixture. A quantity of 222 ml demineralized wat!r was then added to the test container. 

The water was left to soak into the artificial soil, which was not stirred or mixed after th is 

addition . 

Five containers with 1000 mg MDI per kg of dry soil and five containing control soil were 

separately prepared in this way. 

2.4.4 Preparation of test medium with MDA 

A quantity of 5130 mg of MDA was accurately weighed and dissolved in 513 ml acetone . 

Of this stock solution 4.5, 8.0, 14.0, 25.0, 45.0, 80.0 and 140 ml were taken and diluted 

with acetone to 500 ml in order to obtain solutions of 90, 160, 280, 500, 900, 1600 and 

2800 mg per litre of acetone. From these solutions 100 ml was added to 350 g dry fine 

industrial sand in the test container. After mixing, this was left to dry for two days in a 

fume-cupboard, after which time the acetone had evaporated. 

A kaolin clay-sphagnum peat mixture with a dry weight ratio of 2:1 was prepared by 

mixing 4.70 kg dry kaolin clay with 4.83 kg wet sphagnum peat (consisting of 2.3 kg dry 

sphagnum peat and 2.53 kg water, moisture content 109.8%) and 93.02 g CaC03. 207.4 g 

of this kaolin clay - sphagnum peat mixture (dry weight 152 g) was addecl to the test 

container to reach test concentrations of 18, 32, 56, 100, 180, 320 and 560 mg MDA per kg 

of dry soil. Controls were prepared in a similar manner by adding 100 ml of pure acetone 

to 350 g sand. 

The test containers were shaken thoroughly to mix the sand with the sphagnum peat - clay 

mixture . A quantity of 219.8 ml demineralized water was then added to the test container. 

The water was left to soak into the artificial soil, which was not stirred or mixed after this 

addition . 

Five containers with 18, 32, 56, 100, 180, 320 and 560 mg MDA per kg of dry soil and five 

containing control soil were separately prepared in this way. 
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2.4.5 T•st conditions and measurements 

A series of five containers was prepared per test substance concentration and per control. 

Ten worms were added to each of four of these series. The fifth container of each series 

was used for pH and moisture content measurement. 

The test container were 1.5 I all-glass preservers. During the tests, the lid was down but r. )t 

closed. 

The tests were carried out at 20 ± 2°C and under continous low intensity illumination ( 400 

to 500 lux). 

At the start of each test, the pH and moisture content of the control soils were determined 

(to measure the pH, 50 g of soil was added to 100 rnl of 0 .1 M KCI , and the pH of the 

supernatant determined after one hour) . The pH at the start of the tests with TDI. TDA, 
,A.~._ 

MDI and MDA were found to be 6.2, 6.4, 6.3 and 6.2 respectively. ..1 .,;-~' 

The moisture contents at the start of the tests with TDI, TDA. MDI and MDA were found 

to be 54, 52, 53 and 55% (based on dry constituents) respectively. 

The tests lasted two weeks, the mortality of the wcrms being determined at the end of 

14 days exposure. On the 7th day, the burrowing behaviour of the worms was assessed. It 

was recorded when dead worms could be seen through the glass pots. The containers were 

not, however, opened or emptied. On the 14th day, the weight of the individual worms was 

determined. 

At the end of each test. the pH and moisture content of the control soils were determined. 

At the end of the test with TDI. TDA, MDI and MDA the pH's were found to be 6.7, 6.7, 

6.4 and 6.6 and the moisture contents 53, 48, 49 and 51% (cased on dry constituents) 

respectively . 

2.5 Treatments of the results 

2.5.1 LCSO values 

The effect of a test substance on the mortality of animals is expressed by a quantity denoted 

as the LC50 (=,Lethal Concentration, 50%). i.e . the exposure concentration of the 
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substance which would prove lethal to 50% of an infinite population of the exposed 

animals. The LC50 is qualified according to t!:le duration of exposure. 

The tests with TDI and MDI, however, were not designed to calculate an LC50 value . (Be­

cause no mortality was expected at 1000 mg.kg-1, only that one concentration was tested) . 

For TDA and MDA, the LC50 values and their confidence intervals were cakulated by 

means of a parametric model developed by Kooijman (ref. 3). A summary of this method is 

given in Annex D. The mortality data per test concentration as recorded in Annex B. 

Table B 1.2 and B 1.4 were used for these calculations. 

2.5.2 NOEC values 

The 'no observed effect concentrations' (NOEC values) are the highest concentrations 

tested showing no effects (detined below) throughout the exposure time. The NOEC values 

were estimated by comparing effects on mortality, weight, behaviour and appearance (the 

latter two visually assessed) of the exposed animals with those of the control animals 

(blanks). The NOEC value for mortality is also called the NOLC (no observed lethal effect 

concentration). 

To determinr. the NOEC for mortality, the survival dates of each concentration were com­

pared pair-wise with those in the control using a binomial test for comparison of propor­

tions in two independent samples (2x2 contingency table) . A significance! level of 5% was 

used . 

To determine the NOEC for weight increase, a multiple comparison was made betwt;en the 

average weight increase of the worms per container at each container and the average 

weight increase in the controls using a two-tailed Dunnett test. A significance level of 5% 

was used. 

The NOEC was determined as follows : 

• At the NOEC no significant differences with the controls were observed. 

• At the frrst higher test concentration (LOEC; lowest Qbserved ~ffect k.Oncentration) a 

significant difference with the controls was observed. 

• At all higher concentrations tested, the differences with the controls were either also 

significant or larger than those at the LOEC. 

The l'OEC for behaviour and appearance was not determined statistically. 



R 921188 page 18 of 40 

RA921 BBIMVIip 

2.5.3 LC100 values 

The LC 100 (=Lethal Concentration to 100% 0f the test animals) is the lowest test concen ­

tration at which all animals di (provided that all animals died at all higher concentrations 

tested) . 
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3. RESULTS 

The results of the tests , expressed as LC50, LC100, NOLC and NOEC values are presented 

in table 1. The number of living worms at the beginning and at the end of the tests are 

listed in Annex B, Tables B 1.1 to B 1.4, together with the average live weight at these 

observation times and the visually estimated condition (appearance and behaviour). Tht: 

observed condition of the soil after 7 days is also recorded in these tables . The individual 

wet weight of the worms at the beginning and at the end of the tests are listed in Annex B, 

Tables B2.1 to B2.4 

Table I R~sulrs ofrhe tests with TDI. TDA. MDI and MDA and Eiuniaf~tida 

I I 
! Parameter Effect I Nominal concentration (mg.kg·1 dry soil) I 
I I 

' 

i 
~ I 

i TOI TDA MDI MDA 

14 days LCSO mortality •• 5) >1000 6) -- 5) 444 4) 

14 days LC100 'TIOrtal ity - 7) •• 8) - 7) >560 1) 

14 days NOLC mortalrty ~1000 1l 464 2l ~1000 1l 180 3l 

14 days NOEC weight ~1000 1l 215 2:1000 1l 32 
increase/decrease 

14 days NOEC behaviour and ~1000 1l 215 ~1000 1l 56 
appearance I 

1 l Highest concentration tested. 
2l Four worms died, but mortality was not significantly higher than in controls. 
31 One worm d1ed, but mortality was not significantly higher than in controls. 
4 l 95% confidence interval= 390-500 mg.kg·1 dry soil. 
5l LCSO could not be determined. since no effects on mortality were observed even at the highest 

concentration tested. 
&l Highest concentration tested; the model est1mate of LCSO was outside the concentration range tested 

(1050 mg.kg' 1) . 

7l Even at the highest concentration tested (1000 mg.kg' 1) no effects on mortality were observed (100% 
survival). 

8l Even at the highest concentration tested (1000 mg.kg' 1) , mortality was less than 50%. 

No effects on mortality. weight increase. behaviour or appearance were observed after 14 

days exposure to the highest test concentration of the two diisocyanates (TDI and MDI) 

( 1000 mg per kg dry soil) . Since both diisocyanates react with water. the absence of any 

effects may be due to the disappearance of the diisocyanates from the test medium. 
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The two diamines (TDA and MDA) appeared to be more toxic than the corresponding di­

isocyanates. MDA was more toxic for the worm Eisenia fetida than TDA. 

At a concentration of 464 mg TDA per kg of dry soil, four worms died, whereas in the 

controls, and at the lower test concentrations no monality was observed. This mortality did 

not deviated significantly at the 5'7c level from that in its controls. However. considering 

that control monality is only seldom observed in tests with (he worm Eisenia fetida at TNO 

(no control monality in any of these four tests), the death of those 4 worms at 464 mg TDA 

per kg dry soil was probably induced by the test substance, TDA. 

For TDA, the stan weight of the wonns in the controls was significantly higher (Dunnett­

test, p=0.05) than those exposed to 100, 215 and 464 mg per kg dry '"oil. At 464 and 1000 

mg per kg dry soil, the percentage weight decrease deviated significantly from that 

observed in the controls. At 464 and 1000 mg per kg dry soil, this per-·entage also deviated 

significantly (p=O.O 1) from that at 46.4 and 100 mg per kg dry soil, whereas the initial wet 

weights at these concentrations did not differ significantly from each other. Therefore, the 

increased weight loss at 464 and 1000 mg TDA per kg dry soil cannot be attributed to the 

difference in initial weights of the worms, but must be attributed to the test substance, 

TDA. 
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5. RETENTION OF RECORDS AND SAMPLES 

All the data generated and all other information relevant to the quality and integrity of 

these .'>tudies have tx:en filed under the study references IMW -91-0032-0 I (TDI ). TM\11,.. 0, I· 

0!133-01 (TDAl. IMW91-0034-0l (MDI) and IJ\1W-91-W36-01 (MDA) in the archives of 

the TNO Institute of Environmental Sciences, Schoemakersr~aat 97, 2628 VK Delft. The 

Netherlands. These records will be retained for a period of at least ten years after the cover 

date of this repon. 

Samples of the test substances have been deposited under the sample references IMW -91 -

0032-A (TDI). IMW-91-0033-A (TDA), Hvffi.'-Yl-0034-A lMDn and IMW-91-0036-A 

(MDA) in the sample archives of the TNO Institute of Environmental Sciences at the same 

address; these samj)les will be stored for a period of at least ten years. 
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6. DEVIATIONS FROM THE PROTOCOL 

The weights of the worms at the start of the tests were between 300 and 600 mg instead of 

600 ± 100 mg, as stated in the protocols. This is in accordance with the OECD Guideline 

207 (ref. I) and the Draft EC Guideline (ref. 2) . 

The pH and moisture content were not determined at the highe>t concentration of the test 

substances to prevent the risk of volatization of the test c.ompounds during the determi­

nation of moisture content and to prevent contamination of the pH electrode during the pH 

measurement. The OECD Guideline 7.07 (rei. 1) and the Draft EC Guideline (ref. 2) do not 

prescribe these measurements. 

After 7 days the test containers with worms and soil were not emptied to assess the survival 

and condition of the worms. Only the general conditions of the worms as far as .:ould be 

assessed from the outside of the test containers, were recorded. This is also in accordance 

with the Draft EC Guideline (ref. 2). 

For the tests with TDI, MDI and MDA, controls were only used in which the soil was 

treated with the solvent acetone, in a similar manner to the soils with the test substance. 

This is in ?.c.cordance with the OECD Guideline 207 (ref. 1) and the Draft EC Guideline 

(ref. 2) . 

The laboratory product MDA was given TNO code SIE. However. until February 28, 1992 

this test substance was errorous1y given TNO code SID. Since the test substance which was 

orgininally allocated this code (MDA, commercial product), was removed from the TNO 

test substance list and furthermore ~as only slightly different from SIE. no consequences 

can be expected from this mistake. 

The test containers of the final ~ests with TDA were not labelled with the test code, 

SffiEFZ. This lack in the labelling did not lead to mistakes, since at that time no other tests 

with worms were carried out in the same room. 

In the protocols. the test substances TDI a,1d TDA were indicatec! "" TDI 80/20 and TDA 

80/20 respe:tively . The abbreviation MDA for the test s'Jb"-tance 4,4'-aiaminodiphenyl ­

methane. laboratory product, was not used in the protocol. 
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ANNEXA 

Annex A1 
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COMPOSITION AND PROPERTIES OF TDI, TDA, MDI AND MDA 

Composition and properties of TDI 

DIVISION OF TECHNOLOGY FOR !iOCIETY TNO 
DEPARTMENT OF BIOLOGY 

Form no. 
For 
Be .;ngrng to 

: MTaiEG/003 
: CI\MICitnZiifiOn Of tile ItS! SUDSIII1Ct 
: SrlndMd operaung procedure MTSIPG/003 

:oluene OlliOCyanate ne .,: Tnt suDitlnce n1mt or c:ocltto Ot ust<lln rtpon : ______ ......:.., ________ _ 

TO! 

Sroragt conoltlona: 

I. 
:2o-1. 

EaPII)'CU't : 6 months from sample date f. 

' dtlelt wnert ~IIUDie 

Cn.Jracttrtullon: 

Pnysc1r appe1ranct : __ c:..:o~l.:.ou:..r~t..:e.:.s.:.s _t:..:o...:....ye:..t~t~o;_w_r ':.."_t_i Q.:..:u:...r..:d_:..l t_r_o_Oill_t_e_mr;_e_r_a_t_u_re ____ _ 

Borr.ng pornl: l47 •c 11 760 1m1 Hg Mtlng pov11 : ~· "C 
Bau:n no .: Ss;'8 --- _ Oulnlty IUbmiiiiCI:_..2...S.U.I-'---------
AC1rvtlngrtGttnl: Tolyc!lf piuocxanttc (1!0 S 2.4 isomJ:s 2.6 1S9!11f• l 

~y: l,Zl g/cm 

C.Jrrrtr. SOIYtnl or Cllluung lgtnl: _...;·;.:.1..:.· --.,.-..-......------------------
Percenragt IXInttnl OIICIIVt ngrec111n1: --'~~9:..9...;•:...:.9 ___________ _____ _ 
Narure anCI qu&/Uy ollmpunllta: Cll ton r.e con til n 1119 lrO!III tic suDs Un c:e s 

Solvent 

.. 1 rwr rpt reacts w 1 tn wttr~,. ----.,..-----....... --...-.....,......----.....,...--
'ctrone ___ ,:..::c..:.s __________ __:s.:.o.:.:lu;...:t:..;.l.:O:..:.n...:s:..n.:o.:.u.:.;ld:....::b.:.e_f.:.;r..:c:...:.s:..ll.;.;lY:......::P:..r.:.c;...:pa:..r..:c..:.d __ 

mern•no•.....,J~-----------------------------
tln&nof j TQ l rue ts w 1 til at COPlo 1 s 
crmttnyllulpnO&IOt TO I rue ts w r til OMSO 

1n1ormauon on toaoclly tacutt roarcny. oral·. aarma1 or rnnara .. .:ln toaoclly, skrn· 1nc:1 tyt rmra11on . 
stnsaruuon, c:an:lnOOtncty . mulaglnc.ty. tiC.): 

IS llle IIIIIUOIIAIICI llpiOIIVt . tnltamlllle . ODtTOINI . 

Olntr IOtCIII ft1nC111n0 tn•I\ICIIOnl : 

Form compilttcl Cy : Sognarurt : 

DIU Safety Data Shett 
Bayf!r 043412101 
31 October 1990 

Date: 

·No sruay no .: 
!'900101 

~--......_--.-• ..--..J-.-.-ri :: ' ::: I .!. ..:. h 0 I _; I 



A 92/188 

AA921881MWip 

Annex A2 Composition and properties of TDA 

DIVISION OF TECHNOLOGY FOR SOCIETY TNO 
DEPARTMENT OF BIOLOGY 

Form no . 
For 
9tiO"QI"' 10 

: I.ATBIEG/003 
Cnirldtnzauon of tne tt~r sutlstance 

: Stanoara operatlll9 ptOCt."urt MTBIPG/003 

TestsuoStance namo or coaeto o. uMCitn repon: To luenc 01am1ne 1<0 / ZG 
IDA 80 / 

Storage cona111ons : 

page 25 of 40 

:S1or•o• llrT'Ot'"U'' : i~ j~, 1 room ttmptrlturo [~Y, j · 
""0. •J 

Pl'oOtosratldrty · ~ 1 p~orea rrom 11gnc j' Ellpiry dllt: _6_1110_n_th_s_f_r_o_m_sa_m_o_l_e_a_a_te __ ... 

• delete wnere apprcao11 

Cnaracttrtullon: 

Pnyscatagpearance· ____ b;;,.r...;ow;...._n....;.s_•J_l_, d;...._ ____________________ _ 

9/tm Bo•~<ngpo•nr" Z~P•cat~rnmHJ Mel.ngpo.r.t: ta 100-c Dtns•y: ea 
Batcn no .. u. Ouarclly IUDmlniCI ' __ --;-r.:...:~.."""'",.._ _____ -------------=-~-
A~~••r~Qr~nc: ____ r_o_1_u_en_t_D_,~~m~'-n_e _______ · __ ~ ____________ __ 

Camer. solvent or Cllluii"Q a~nc: 

Perc..~nraoe c:onrent ot ld!~ tngree111nc: )99 I 
Nature ana ~antfty of mpunuea: ':'11-:-. '"gh~b;,.;o~,.,j-:-,-n-:-g""':'re-:-S-:-1~1!::-u~e~s-------------

Solvent SOIUIIIlfty r,q•lmum IIC,.QI time Of IOtu&Jon 

,.111, ------.::.y_e_s_(_l_O_O....;.g_n , ____ s_o_l_"_t_to_n_s_h_o_u_l_d_be_f_r_e_s_h_l_Y ______ _ 

actrone -------::---------.....lP!:.:r..:t:.~:P:.:•~re=o_t:;,:i:.;C::.:h:.:.....;t:.;l~mt:..., _________ _ 
mcrnanor _____ ..,. __________________________ _ 

flhl~ ----------------------------------------OIITiflrlyiSU!ptiOaGe __ n;,.;o;.;t'--.:t .::.t .::.s..;..t f;;,.O;...._ ______________________________ _ 

•nrorma11on on toaoc:rty tacull toarcrty . oral· . aermal or rnr..JIIIIOn toaoc:rty. sk&n· ana 1y1 "''ta:.on . 
senuLZauon. C:lrCinOQincdy • mu .. ncfty, tiC:.) : 

IS 11\e 1111 Su0SIIncl tapiOINI, lnlllniiOI ~ OOIT'OSIYI : 

Otner SOKIII nanclhnQ _,SII\ICIIOnl : 

F :~rm C:OmoiiiiCI t1y · 59\IIUI'I : 

fliN Safety Shtet 
~. aytr 011405/05 
·, Otetmtltr 1990 

Date: 

~11;0 stuoy l'oO 
Z'l:06CI 

~ ~H 0 I 0 I J 13 H 0 I I I 
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Annex A3 Composition and properties of MDI 

DIVISION OF TECHNOLOGY FOR SOCIETY TNO 
DEPt,RTMENT OF BIOLOGY 

::Hm no. 
l=:>r 
8U:lfl91fl9 10 

MTBIEG/003 
: CI'WICIINIUOn Ol trll IH: IUOSIIIICI 
: SWICII'C operatn; proceourt MTBIPG/003 

Test auoatanc.e name or cooe to oe uMG In repon: p JQ?eny 1 .,,.~!nt:-" ,, s o ;;y: ~ a· o 

Storage concuuona : 
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""'" -. 

=>-otOSt~Ooloty · j goOCI : Pto• . • _.-r.::;;j r : <:: ~ E.cpory aa~e : max . 6 moot n s sto r a qe t, ~~ H 
20-zs •c 

• dllelt wnere ICQicaDie 

?~ysca l appurJnc:t . oan-orown I I Quid ., 
!!C•IInQ OOont ZSO •c II~ mm HQ Mtllng po.nt: 0 "C 
eiteO no ___________ OUM~Cy IUCimlft~ :--=------------

O.DIIIY: 1,23 g/cm· 

Aorvt 't\Qfe<Mnl : 1"\ 1 pneo y) -me tDIDC•Q 1 1 SQ,yADitC ( i $QII'CC$ AOQ HC¥DQ) DQQY$ l 

::~mer . IOIVII'II or ollullng lgtl'll · 
PtrttntiOI CIOrllll'll OC ICII¥1 ongreGII--,..-:--:4~0--S,OnSr-r4-,4r. -/2-41 Z, 4' -t40-6CS 3-R 1 ng-l somers 

~~IUrt lfiC QUIIIny Ol ~11111 : Traces of phcny) ugcyanttc eng moQ!QCh Jgrpcnzrnc 

.. OCCO:!IOOS It I on •2 partial cr1stalltsation 

Solvent SotuDIIfty MUimum ltCW.OI llml Of IOiutlon 

~Jitr_~~AC~i,~t~I~Q~"~·~~~t~~~-~~~te~r~y~IAC~Ig~S~u~r~C~t~I~O~g~C~O~f-----------------­

iCttOnt_~'r.ens~~~~~~~~~~~~~~~~~=cr-----------------~~~nano• __ llc_i_c_t_l_c_n_ .. _,_t_n_liif_t_n_i_n_o_l...;y;...l_f_t_a_s_u_r_f_t_n_a_nf_...-.....; ___ ...... __________ ___ 
tti\II'OI ---------liC'-llt.!.!n.a.IOU.JoliJ!.__ _____________________ _ 
::omttnyiiUIQDOUII _____________________________ _ 

. n! orm~IIOn on IOliiCIIy IICUII IOIICIIy . 0111 •, Cltrmll or IDIIIIIIIOn IOIICII)' , SkiO• ~no tyl orrol~loon . 
stOSdiZ~toon . c:at.::.nootDIClfY . IT\IIagll'lay, tiC.J: 

•S tnt IISIIUOIIIIICI IIOIOIIYI . onllllniDII . CIOn'OIIYI : 

c:orm comotettc:l Dy S.gn~~ure : 

• '"0 Sluoy no , 11o1 , T · 1 1 
2 900101 

Safety Data Sheet 
Beyer OU192/04 
29 October 1990 

Oatt: 
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Annex A4 Composition and properties of MDA 

DIVISION OF TECHNOLOGY FOR SOCIETY TNO 
DEPARTMENT OF BIOLOGY 

=crm no 
For 
SeiC"ngong 10 

· M~Gt003 
· Cn&raatnzalon Of 1111 IISI 'IUCSiarct 
. Stancurc operi!ong proceoure MTBIPG/003 
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Test tuos~anc:e name or coaeto oe u..a In repon: :-:-:--:-:-:-:-:-::------------­
~.' · -c,amlnoc~Pn!nvlmetnane, ! acoratory orocuc: 

S1orage COn<IIIIOt\1: 

ProQtOSIIOdoty : I go<JC j~ I' E.lpory dale:------------
' dtltlt wnert aop1~e 

Pnyscalaoourarct . colourl!ss to 11ght y!llow, solid lumps 

eo.kngpo•nt B81 •ca~ ~ mmHg Mea.ngpo~n~ : 91-92-c Dtnuy : ~• · ~-j gm/cm
3 

Balr 'no OuM'IIIIy IUOIMitG:-:"'"'-:_':'" _____________ a_c_t_e_e_• __ 
"CCove onc;reo.tnt· 4

1
4 · -dl am1nod 1pneny lmetnaM ) 99,5 S 

Carner so1ven1 or cw~;ung agent: none 
P.rrctniiQt C:Onllnt of IC1Ne .ngre_O_oe_nl_: ....,...,.......,9.,.9"", 5,......,%,..-------------------
IIIIIUrllncl Quantnyot tmOUntoes · 2,4" ·d14mlnOcl1pnenyll!lftnane (triCe) 

~1gner molecular we1ght ol1g&iirs (trace) 

Solvent Mulmum ltOI'8ge tlmt Of totuUOn 

~altr _____ .p~r~ac~t~l~C~a~l~l~y-l~n~so~l~u~c~l~e---------------------
•;etone __________ s_o_l_u_6_1e ____________________ __ 

-~~~no~-------....l.,li..;.,..L-....l.I~L.W..:.Ji...--------------------­

tl~nol ----------~~~~~----------------------: .metnylluiOnoaGt _______ ._u_n_lin_o_w_n_l ____________________ _ 

· ·or:o:~a11on on toaoelly IICullloae:ely . oral· . aermat or ennatahon IOIIColy. s•un· and eye orro1a1ton . 
'""'~•uton . catgnogeiiiCII'f . muu.geiiClly. tiC:. I 

S ::'Illest iloOIIII'ICe IIIIIQIIVI tnllim&Oie. COrfCIHI 

:: nt I SOICIII nandllng III.I'\ICIIOftl 

Soonaturt 

DIN Safety Sh!H 
!layer 3ZR794/0S 
3 Oecemcer 1990 

Ollt: 

loot T !I ___ _.---1.____:]_. 
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ANNEX 8 INDIVIDUAL TEST DATA 

Table Bl Numbu of living wonns and their avuage weight (with standard de\·iation) after exposure to 

several concentrations of the test substances ( tr.g per kg of dry artificial soil). 
Foomotes to this table are given on page 31 . 

Table 81.1 Dma on survival and werght of worms exposed to TDI 

~- . . 
I 

Time I 0 7 ~4 I average 
(days) : I percentage 

! I weight -
' 

I 
increase 

' no. of condi· S.d. -:ondi- no. of condi· S.d. (S.d.) concen- average average 
tration living tion 1 l weight tion living tion 1 l weight 

(mg.kg.,) worms (g) soil b) (g) 

0 10 1 0.38 0.05 8 10 1 0.34 0.03 
10 1 0.38 0.06 8 10 , 0.37 0.06 -4.5 
10 1 0.35 0.03 8 10 1 0.34 0.03 (4.8) 
10 1 0.39 0.06 8 10 1 0.39 0.06 

1000 10 1 c~ 0.05 8 10 2 0.38 0.05 
10 1 0.36 0.03 8 10 2 0.34 0.04 ·2.4 
10 1 0.39 0.09 8 10 2 0.38 0.06 (1 .7) 
10 1 0.38 0.05 8 10 2 0.37 0.06 

I 
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Tabk 81.2 Data on survival and weight of worms exposed to TDA 

i
l (!~;:) II D 7 I 14 1.:::.. I 
~----~------~----------~----+-----~--~r------------,---~ weight , 
i 1 I I j increase , 
· concen· J no. of condi· average s.d. condi- ! no. of cond i- ~ average s.d. (s.d.) I 
' tration living tion a) weight tion I' l iving tion a ) weight 
~ (mg.kg "1 ) ! worms j ! (g) \ soil b ) 

1 

(g) 1 

! 
0 

I 

10 I 1 

10 I 1 
10 1 

I 
10 

0.41 
0.40 
0.43 
0.40 

0.05 
0.06 
0 .05 
0 .05 

8 
8 
8 
8 

I 

10 
10 
10 
10 

1 0.41 
1 0 .42 
1 0.45 
1 0.42 

0.06 
0.06 
0.05 
0.04 

46.4 ! 10 
10 
10 
10 

0.40 
0.40 
0.37 
0.41 

0.06 
o.os 
0.04 
0.06 

8 10 2 0.41 0.06 
0.10 
0.05 
0.06 

100 

215 

I 41;4 

1000 

I 

I 

10 
10 
10 
10 

10 
10 
10 
10 

10 
0 
0 
0 

0.37 
0.37 
0 .37 
0.40 

0.40 
0.36 
0 .39 
0.37 

0.37 
0 .40 
0 .36 
0.38 

0 .04 
0.05 
0 .04 
0 .06 

0.06 
0.04 
0 .06 
0.03 

0.05 
0.05 
0.03 
0.06 

8 10 
8 10 
8 10 

8 
8 
8 
8 

8 
8 
8 
8 

9 
9 
9 
9 

10 
10 
10 
10 

10 
10 
10 
10 

9 
8 

10 
9 

2 0.42 
2 0.38 
2 0.42 

2 
2 
2 
2 

2 
2 
2 
2 

3 
3 
2 
3 

0.38 
0.40 
0.37 
0.42 

0.42 
0 .37 
0.39 
0 .38 

0.30 
0.36 
0.33 
0.35 

0.06 
0.05 
0.04 
0.05 

0.06 
0.05 
0.09 
0.04 

0.09 
0.07 
0.04 
0.08 

I 10 1 0 .39 0.06 10 5 4 0 .35 0.05 
: 10 1 o .4o 1 o.o1 10 4 3 o .31 o.06 

2.6 
(2 .0) 

I 
2.7 i 

(1 .2) 

3 .6 
(3.5) 

2.5 
(1 .3) 

-11 .4 •• 

(5.9) 

·13.3 •• 
(7.4) 1 10 1 0 .38 !' o.o3 10 1 3 0.33 0.04 

L___ __ ~l __ 1o--~ __ 1 __ L_1 _o._3s--~o_.o_5~--1_o __ L__s __ ~_3 ___ L__o_.~ __ ~_o._o2~~----~ 
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Tabu 81.3 Data on survival.md w~ight of worms ~xpostd to MDI 

Time J 0 : 7 14 ! average 
(days) i j I perc~ntage j 

~----~~ ------------------------~~-----4----~------r-----~----~' we•ght i 
1 I d " 1 I' ! j increase 

concen· no. of / con •· I average I s.d. condi· no. of condi· average 1 s.d. 1 (s.d.) 
tration living tion a) . weight tion living tion a) weight ! 1 

,_<m_g_._k_g-·
1

-) ~~ _w_o_r_m_s-t-i ______ ! __ <_g_l ___ ~ ____ ........._! _s_o_n __ b_) +-------:--- (g) 1 J 

0 

1000 

I i i : : I 
I 10 ! 1 II, 0.51 0.07 8 10 I 1 0.48 0.06 
i 10 I 1 0 .49 0.06 j 8 10 1 0.47 0.05 

10 ; 1 o.48 o.o5 1 8 10 1 o.44 o.os 

10 I 1 0.53 i 0.06 I 8 10 1 0.48 0.08 

10 1 0.54 0.08 8 1C 2 0.48 0.09 

~~ ~ I ~ :~ jl ~ :~ : ~~ ~ ~::~ ~:~ 
10 1 0.47 0.07 8 10 2 0.48 0.08 

I 

·7.5 
(1 . ~) 

·5.1 
(6.0) 
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Tabu Bl.4 Data on survival and wtighr of worms txpostd to MDA 

Time 
(days) 

0 I 
I 

7 14 · average 

I 
I percentage 

t----+---..-------,------+---t---,----,,----,------,! weight 

I I 
1 ! 1 ! ;ncrease 

concen­
, tration 
/(mg.kg-1) 

I I 
I 0 I 

I I 
I 

I 
18 

32 

56 

100 

180 

320 

560 

no. of condi· average 1 s.d. condi· no. of 
1 

condi· ' average ! s.d. 
1 

(s.d.) 
living tion a) weight 1 tion living 1 tion a) weight 1 

wonn• i I (g) · soli 
0
1 I (g) ; 

I I I ; ' ' 
10 I , 0.36 0.04 a 10 1 0.39 I 0.05 1 

10 . 1 II 0.37 0.05 8 10 1 0.39 0.07 I 
10 i 1 0.35 0.04 8 10 1 0.37 0.05 
10 I 1 ' 0.35 0.03 8 10 1 0.37 0.06 I 
10 
10 
10 
•o 

10 
10 
10 
10 

10 
10 
10 
10 

10 
10 
10 
10 

10 
10 
10 
10 

10 
10 
10 
10 

10 
10 
10 

10 

0.36 
0.35 
0.35 
0.39 

0.04 
0.04 
0.04 
0.04 

0.(,4 

0.05 
0.37 
0.36 
0.40 
0.39 I 

0.05 
0.05 

0.36 
0.37 
0.37 
0.36 

0.38 
0.35 
0.38 
0.38 

0.37 
0.34 
0.34 
0.36 

0.36 I 
0.33 
0.35 I 

0.34 I 

0.36 
0.35 
0.36 
0.36 

I 

0.04 
0.06 
0.04 
0.05 

0.04 
0.04 
0.04 
0.05 

0.03 
0.04 
0.03 
Ci .04 

0.06 
0.03 
0.05 
0.03 

0.03 
0.03 
0.06 
0.04 

8 
8 
8 
8 

8 
8 
8 
8 

8 
8 
8 
8 

9 
9 
9 
9 

11 
1 1 
11 
I I 

12 
12 
12 
12 

12 
12 
12 
12 

10 
10 
10 
10 

10 
10 
10 
10 

10 
10 
10 
10 

10 
10 
10 
10 

10 
9 

10 
10 

6 
7 
9 

10 

5 
4 
0 
2 

2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 

5 
5 
5 
5 

6 
6 
6 
6 

7 
7 
7 
7 

7 
7 

7 

0.34 
C34 
0.33 
0.37 

0.40 
0.36 
0.35 
0.37 

0.34 
0.34 
0.34 
0.34 

0.33 
0.32 
0.32 
0.31 

0.05 
0.04 
0.05 
0.05 

0.03 
0.06 
0.06 
0.06 

0.02 
0.03 
0.03 
0.05 

0.04 
0.04 
0.04 
0.04 

0.29 0.02 
0.27 0.04 
o.28 I o.o3 
0.29 0.05 

0.26 
0.27 
0.29 
0.30 

0.21 
0.26 

0.17 

0.01 
0.04 
0.05 
0.04 

0.07 
0.02 
.. 

; o.os 1 

6.1 
(2.3) 

-3.5 
(1 .5) 

·1 .9 
(8.3) 

-6.9. 
(0.8) 

-13.7". 
(4.1) 

-2o.o·· 
(1 .6) 

-19.s·· 
(7.1) 

-40.4·· 
(13.0) 
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a) Explanation of the codes used in the description of the condition of the test animals. 
1 . appearance and behaviour of worms normal (visually estimated) 
2. appearance and behaviour of worms equal to those of the control worms 
3. appearance and behaviour of worms not equal to those of the control worms, they seemed to be 

somewhat smaller 
4. appearance and behaviour of worms not equal to those of the control worms, they were somewhat 

!:luggish 
5. appearance and behaviour of worms not equal to those of the control worms, they seemed to be 

slightly more flabby than the control and the soil was slightly less well burrowed. 
6. appearance and behaviour of worms not equal to those of the control worms, they were slugg1sh and 

the soil was less well burrowed. 
7. appearance and behaviour of worms not equal to those of the control worms, they were very 

sluggish and wetter. 

bJ Explanation of the codes used in the description of the condition of the soil in the test containers after 7 
days. 
8. soil appears to be normal, no death worms observed 
9. so1l seemed to be slightly less burrowed 

10. soil was less burrowed, death animals were observed 
11 . soil was less burrowed 
12. soil was less burrowed, indication of traces ol death worms 

weigi1t increase/decrease is significantly (two-tailed Oul"'nett test, p=0.95) different from that of the control 
worms. 
weight increase/decre:tse is significantly (two-tailed Dunnett test, p=0.99) different from that of the control 
worms. 
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Tabl~ B2 Individual weights of the worms (in g) at the stan of the experiment (t=O) and at the end (t=l4 
days). 

Tabl~ B2.1 Data on the weight ofwonns exposed to TDI 

concen- vessel weight (g) per worm at the start of the experiment (t=O). 
; tration 
I (mg.kg"1) 
' 

' I ! 
' ' 

I 
I i I 

0 A 
1 0.404 I o.381 0.347 0.347 0.486 ' 0.340 o.378 1 0.335 0.304 1 0.402 : 

I 
I B ' 0.334 0.425 0.366 0.437 0.399 : 0.322 0.392 0.486 C.326 I 0.317 

c 0.321 0.360 0.400 0.317 0.337 ' 0.322 0.368 0.343 0.350 1 0.416 
I 

0.444 i 0.306 1 
I D 0.367 0.334 0.419 0.481 0.346 0.425 0.448 0.348 ! 

' I 
1 o.366 o.373 I I 1000 A 0.443 0.426 0.3qg 0.423 0.310 0.349 0.301 ! 0.402 1 

I 
B 0.312 0.370 I 0.345 0.353 0.419 1 0.365 0.352 0.356 0.378 I 0.327 

' c 0.311 0.338 0.321 0.480 0.376 0.389 0.475 0.314 0.545 i 0.310 
' D 0.466 0.377 0.299 0.340 0.351 ' 0.354 0.361 0.365 0.454 0.425 
I I 

i 

---
: 

; concen· vessel weight (g) per worm at the end of the experiment (t=14) 
' tration ' 
; (mg.kg-1) 

I 

i 
0 A 0.326 0.300 0.313 0.360 0.375 0.313 0.364 0.337 0.364 0.295 

! B 0.424 0.412 0.424 0.307 0.466 0.350 0.274 0.368 0.317 0.331 
I c 0.348 0.356 0.347 0.351 0.311 0.326 0.303 0.397 0.335 0.352 0 

D 0.311 0.441 C.346 0.458 0.434 0.313 0.408 0.455 0.422 0.321 
0 
! 

1000 A 0.450 0.361 0.366 1 0.366 0.346 0.396 0.272 0.413 0.393 0.'+05 
8 0.354 0.379 0.341 0.334 0.366 0.271 0.412 0.313 0.297 0.342 

I c 0.501 0.375 0.428 0.407 
0.338 1 

0.314 0.322 0.338 0.386 0.368 
0 I 0 0.321 0.364 0.402 0.419 0.355 0.452 0.432 0.374 0.252 0.343 

I 
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Tabu 82.2 Data on tilL weight of worms exposed to TDA 

I I 

concen- vessel weight (g) per worm at the start of the experiment (t=O). ' 
tration 

(mg.kg"1) 

I 

I 0 A 0.408 0.425 0.338 0.371 0.422 0.420 0.498 0.421 i 0.465 ; 0.350 

! 8 0.458 0.386 0.470 0.367 0.425 0.462 0.325 0.393 1 o.431 1 0.315 i 

I 
c 0.510 0.435 0.358 0.424 0.482 0.395 0.452 0.418 0.382 : 0.449 I 
D 0.385 0.456 0.340 0.442 0.484 0.373 0.358 0.373 0.438 : 0.392 I 

1 0.467 
I ~ 

46.4 I A 0.390 0.468 0.321 0.359 0.316 0.429 0.434 0.372 1 0.471 
8 0.356 0.354 0.423 0.457 0.342 0.518 0.342 0.556 0.339 0.355 
c 0.404 0.326 0.380 0.388 0.406 0.335 0.422 0.377 0.342 1 0.311 
D 0.476 0.389 0.360 0.430 0.435 0.512 0.331 I 0.387 0.349 1 0.381 

I 

100 A 0.3()5 0.382 0.306 0.331 0.387 0.405 o.387 I 0.429 0.385 0.394 
8 0.379 0.344 0.436 0.348 0.487 0.364 0.378 I 0.344 0.344 0.317 
c 0.370 0.381 0.407 0.374 0.363 0.318 0.369 0.309 0.372 0.423 
D 0.483 0.463 0.380 0.487 0.312 0.391 0.429 0.352 0.331 0.372 

215 A . 0.360 0.490 0.465 0.359 0.491 0.393 0.322 0.411 0.330 0.413 
8 0.357 0.374 0.417 0.343 0.415 0.292 0.372 0.323 0.373 0.317 
c 0.303 0.307 0.402 0.452 0.338 0.46¢ 0.405 0.376 0.416 0.447 
D 0.366 0.366 0.339 0.331 0.398 0.334 0.396 0.406 0.383 0.352 

464 A 0.345 0.389 0.359 0.334 0.411 0.316 0.472 0.389 0.398 0.327 
8 0.472 0.327 0.452 0.358 0.375 0.433 0.385 0.419 0.378 0.388 
c 0.327 0.364 0.364 0.397 0.380 0.323 0.354 0.350 0.312 0.402 
D 0.319 0.399 0.357 0.529 0.351 0.373 0.376 0.432 0.326 0.::.44 

1000 A 0.358 0.377 0.505 0.344 0.342 0.475 0.340 0.409 0.398 0.366 
B 0.379 0.478 0.319 0.456 0.416 0.381 0.304 0.371 0.533 0.360 

l c 0.375 0.370 0.434 0.346 0.323 0.356 0.384 0.390 0.403 0.415 
; D 0.331 0.436 0.4351 0.348 0.307 0.359 0.333 0.401 0.355 0.317 
I i 
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I con~en- I 

I 
trat;on 

1 
(mg.kg·1) I 

vessel weight (g) per worm at the end of the experiment (t=14). 

I 

I 
0 A 0.465 0.345 0.418 ' 0.408 0.508 0.340 i 0.395 1 0.408 1 0.347 i 0.469 

I 
B 0.450 0.467 0.360 0.344 0.401 0.447 I 0.327 0.426 0.505 1 0.442 

I c 0.500 0.386 0.491 0.428 0.416 0.383 0.546 0.451 1 0.41" i 0.470 
i 

I 
D 0.472 0.459 0.435 0.388 0.447 0.412 0.339 o.423 i o.397 I 0.395 

I 

I 

I 
46.4 I 

A 0.349 0.409 0.390 0.351 0.508 0.447 0.410 0.328 1 0.393 0.484 : I 
I ' B 0.367 0.545 0.326 0.566 0.509 0.334 0.301 0.400 0.471 0.351 i 

I c 0.415 0.322 0.340 0.369 0.435 0.359 0.457 1 0.336 0.427 1 0.336 ' 
0.494 I 

I D 0.349 0.361 0.399 0.382 0.405 0.558 0.4~3 ' 0.427 0.408 
I I 

0.405 1 
I 

100 I A 0.381 0.469 0.304 0.404 0.440 0.380 0.312 0.382 0.300 

I 
B 0.365 0.506 0.342 0.404 0.398 0.409 0.434 0.365 0.429 0.357 i 

I I c 0.338 0.385 0.312 0.317 0.427 0.401 0.367 0.362 0.410 0.351 : 

I 
D 0.415 0.433 0.423 0.341 0.424 0.402 0.481 0.475 0.482 0.354 

215 A 0.337 0.467 oAn 0.516 0.386 0.376 0.351 0.415 0.467 0.373 
B 0.289 0.328 0.436 0.419 0.394 0.347 0.360 0.390 0.407 0.322 
c 0.296 0.551 0.345 0.437 0.453 o_,no 0.395 0.372 0.262 0.341 
D 0.463 0.367 0.386 0.370 0.355 0.329 0.389 0.383 0.364 0.375 

464 A 0.398 0.279 0.391 0.397 0.327 0.267 0.309 0.203 0.120 
B 0.435 0.382 0.356 0.411 0.412 0.356 0.306 0.214 
c 0.388 0.342 0.369 0.275 0.319 0.314 0.308 0.~75 0.298 0.3.10 
D 0.382 0.396 0.511 0.388 0.303 0.369 0.247 0.254 0.288 

1000 A 0.376 0.265 0.370 0.340 0.404 
B 0.363 0.326 0.318 0.218 
c 0.353 0.367 0.297 0.3321 0.270 0.357 0.315 
D 0.320 0.329 0.336 0.358 0.340 0.363 

' ' 
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Tabu B2.3 Dat.J on the weight of worms exposed to MDI 

concen- vess.!l weight (g) per worm at the start of the experiment (t::O). I 
tration 

(mg.kg"1) 

I ; 

: I 

0.614 1 0.471 1 
i ' ! 

0 I A 0.444 0.565 ' -.581 0.435 . 0.434 0.533 ' I 0.540 0.492 ! I 
i 

8 0.521 0.416 ;32 0.429 0.501 0.479 0.515 0.523 I I 0.602 0.409 
I c 0.541 0.449 I 0.472 0.464 0.467 J· ·'55 0.541 0.537 0.397 0.506 

0 0.557 0.511 0.556 0.522 0.619 0.435 0.550 o.52o I 0.559 : 0 .420 

I 

i ! 
I 

I 

1000 A 0.648 0.588 o.567 I 0.572 0.387 0.569 0.562 0.513 0.520 0.439 ! 
8 0.438 0.558 0.326 I 0.527 0.399 0.467 0.403 0.482 ' 0.416 0.357 
c 0.503 1 0.502 1 0.486 1 0.442 ' 0.389 0.588 0.573 0.454 I 0.498 1 0.510 ~ 

0 0.385 0.535 0.498 0.429 1 0.526 0.472 0.571 I 0.467 1 0.345 I 0.432 i 
I I I 

concen- vessel weight (g) pe• wor.n at the end of the experiment('~ 
tration 

(mg.kg"1) 

0 A 0.531 0.395 0.485 0.569 0.450 0.475 0.478 0.415 0.541 0.456 
8 0.523 0.456 0.521 0.446 0.522 0.428 0.463 0.382 0 499 1 0.405 
c 0.41~ ll.397 1 0.392 0.423 0.411 0.437 0.557 0.422 0.504 \ 0.402 
0 0.368 0.556 ! 0."'-66 0.526 0.442 0.597 0.570 0.4r'S 0.391 I 0.438 

1000 A 0.514 0.609 0.549 0.563 0.433 0.47'- 0.4231 0.399 0.536 0.328 
8 0.476 0.341 0.378 0.416 0.460 0.469 0.44~ 0.434 0.378 0.315 
c 0.485 0.428 0.537 0.569 0.417 0 .384 0.359 0.2:7 0.507 0.481 
0 0.521 0.585 0.487 0.353 0.597 0.412 0.486 0.422 0.503 0.461 

I I I 
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Tub/~ 82.4 Data on tilL w~ight of worms exposed to MDA 

concen- vessel 
tration 

weiyht (g) per worm at the !..a;t o! the experiment (t=O). 

(mg.kg'1) 

I 
I I 

0.408 1 I I I I 
I I I 

0 A 0.327 0.338 0.414 0.350 I 0.351 I 0.302 0.363 0.378 1 0.318 I 

0.409 I I B 0.419 0.313 0.455 0.419 0.314 0.376 G.357 0.332 ! 0.342 ' 
I ! c 0.304 0.390 0.335 0.327 0.432 0.337 0.347 0.315 0.356 i 0.348 I I I 

I D 0.311 0.376 0.378 ' ::> .303 0.383 0.341 0.368 0.322 I 0.347 0.321 I 
I 

18 A 0.30A 0.333 0.356 0.345 0.388 0.428 I 0 .392 0.317 0.319 0.383 ' 
B 0.366 0.370 0 . 3(1~ 0.358 0.353 0.324 1 0.343 0.31 1 0.304 0.415 
c 0.321 0.377 0.326 0.297 0.352 0.399 0.31 3 0.387 0.368 o.3o8 1 

D 0.443 0.423 0.364 0.427 0.357 0.333 1 0.399 0.369 0.389 0.345 1 
I 

32 I A 0.465 1 0.334 o.351 I 0.351 0.363 o.38o I 0.378 0.322 0.385 0.387 ' 
B 0.387 0.441 0.302 0.341 0.318 0.409 0.436 0.350 0.336 o.3os I 
c 0.421 0.336 0.501 0.390 0.441 0.306 0.399 0 .3~7 . n 174 oAob I 
D 0.421 0.321 0.401 0.458 0.338 0.386 0.424 0.349 0.33<.. 0.4G9 I 

I 

56 A 0.349 0.149 0.324 0.347 0.465 0.321 0.344 0.378 0.324 1 0.371 
B 0.301 O . .s16 0.361 0.436 0.355 0.355 0.483 0.378 0.344 0.328 
c 0.389 0.413 0.301 0.336 0.316 0.366 0.404 0.419 0.381 0.355 
D 0.305 0.380 0.329 0.358 0.422 0.302 0.31 1 0.364 0.393 0.423 

100 A 0.436 0.354 0.306 0.407 1 0.392 0.433 0.344 0.413 0.376 0.332 
8 0.377 0.430 0.348 0.300 0.365 0.300 0.362 0.351 0.325 0.370 
c 0.388 0.383 0.342 0.387 0.359 0.340 0.456 0.368 0.428 0.304 
D 0.323 0.460 0.356 0.358 0.387 0.322 0.429 0.465 ' ·.~0 0.367 

180 A 0.339 0.387 0.337 0 .. $.36 O.J42 0.379 0.353 0.352 0.367 0.393 
8 0.333 0.339 0.417 0.302 0.312 0.379 0.359 0.317 0 .366 0.31 6 
c 0.376 0.301 0.338 0.316 0.306 0.358 0.344 0.390 0.324 0.340 
D 0.310 0.317 0.325 0.363 0.441 0.374 0.368 0.384 0.359 0.370 i 

320 A 0.434 0.328 0.314 0.335 0.326 0.309 0.307 0.406 0.462 0.380 
8 0.302 0.338 0.335 0.338 0.318 0.318 0.325 0.303 0.4()1") 0.367 

I 
c 0 .~4 0.394 0.359 0.452 0.324 0.321 0.320 0.320 0.311 0.307 

I D 0.355 0.359 0.300 0.381 0.312 0.322 0.343 0.31 3 0.346 0.326 I 

I 560 A 0.371 0.372 0.321 0.344 0.337 0 .. 392 0.410 0.349 0.340 0.364 

l 
8 0.355 0.313 0.366 0.373 0.377 0.356 0.341 0.325 0.386 I 0.324 
c 0.479 0.390 0.3::>5 0.388 0.303 0.327 0.336 0.306 0.441 0.326 
0 0.372 0.314 0.327 0.375 0.345 0 . ~69 0.405 0.408 0.310 0.339 

I 
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c:onc:en- vessel weight ;g) per worm at the end of the experiment (t=14). 
tration 
(mglkg) I 

' I 
i 0.313 1 

I I I 

I 0 I A 0.364 0.389 0.432 0.489 0.363 0.417 0.342 I 0.372 I 0.397 I 
8 I o.508 0.371 0.42,: 0.322 0.477 0.441 0.299 0.309 I 0.345 I 0.389 ' 

I c I 0.346 0.345 0.362 0.353 0.331 I 0.318 :.1 .385 0.479 0.402 0.337 I 

I D 0.434 0.335 0.399 0.391 0.286 : 0.350 0.348 0.300 0.363 ! 0.465 

I 
18 I A 0.361 ; 0.305 0.344 0.304 0.371 0.328 0.319 0.341 I 0.448 0.295 

I B 0.378 0.343 0 .'3" ; 0.382 0.271 0.347 0.375 0.315 1 0.:520 0.353 

! I c 0.347 0.244 u . 0.294 0.405 0.415 0.305 0.341 0.303 0~2 1 I 

' I D 0.439 0.410 0.391 0.40!:i 0.381 0.299 0.372 0.335 0.342 0.304 
I I I 

' 
I 0.396 32 

I 
A 0.465 0.399 0.419 0.408 0.358 0.402 0.386 0.383 o.42s I 
B 0.395 0.290 0.351 0.389 0.335 0.384 0.275 0.338 0.337 0.491 1 

c 0.390 0.347 0.334 O.J71 0.463 0.295 0.357 0.400 0.294 0.270 ' 
D 0.292 0.488 0.407 0.417 0.374 0.359 0.348 0.314 0.314 0.382 

; 

I 56 A 0.352 0.292 0.350 0.317 0.319 0.372 0.352 0.334 0.333 0.324 
B 0.367 0.324 0.299 0.359 0.349 0.349 0.393 0.316 0.321 0.297 

I c 0.380 0.355 0.343 0.274 0.350 0.370 0.355 0.360 0.297 0.325 

I 

I 
') 0.410 0.354 0.333 o.3n 0.294 0.351 0.264 0.365 0.260 ':> .360 

I 
100 I A 0.309 0.300 0.305 0.279 0.313 0.344 0.313 0.333 0.390 0.388 ' I 

' I 
! I B 0.334 0.371 0.273 0.368 0.296 0.305 0.294 0.396 0.279 0.316 
I I c 0.290 0.288 0.369 0.299 0.307 0.362 o.2n 0.353 0.386 0.292 

I 
D 0.378 0.296 0.362 0.264 0.259 0.292 0.28G 0.347 0.295 0.318 

I 180 A 0.321 0.288 0.335 (\ 284 0.270 0.315 0.294 0.294 0.270 0.264 
I 

I B 0.254! 0.281 0.257 I 0.304 0.263 0.228 0.349 0.216 0.276 
c 0.305 0.258 0.273 0.275 0.251 0.285 0.248 0.314 0.313 0.265 

I 
D 0.257 0.314 o.273 o.259 1 o.260 0.325 0.227 0.334 0.370 0.259 ' . 

320 I A 0.241 0.265 0.259 0.255 0.252 0.268 
! B 0.325 0.301 0.281 0.220 0.245 0.272 0.244 
I c 0.230 0.271 0.296 0.296 0.344 0.237 0.264 0.282 0.366 
i 

I D 0 373 0.256 0.265 0.273 0.313 0.346 0.286 0.246 0.284 0.333 

560 : A 0.237 0.143 0.141 0.287 0.259 . B 0.236 0.260 0.279 0.249 
' c 

I I D 0.121 0.212 I I 
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ANNEX C MATERIALS USED FOR THE PREPARATION OF THE 

ARTIFICIAL SOIL 

Sphagnum peat 

Pindstrup Sphagnum originating from Denmark 

Fa. Jongkind B.Y. 

Oosteinderweg 357. Aalsmeer, The Neth-:rlands 

Arrival date at TNO: December 7, 1990 

Fine industrial sand 

M32 

Fa. Van Loon 

Wierselaan 121, Yreeswijk, The Netherlands 

Arrival date at TNO: January 1, 1992 

Kaolin clay 

China Clay Ast. containing 85-90% Kaolin 

Fa. Yingerling B.Y. 

Provincialeweg West 44, Haastrecht, The Netherlands 

Arrival date at TNO: February 13, 1990 
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ANNEX D ESTIMATION OF THE LCSO AND ITS CONFIDENCE INTERVAL 

At a given time, the mortality probability of an hdividual is assumed to be logistically 

related to the logarithm of the concentration, i.e. 

P1 = ~11 + , where ei = (ci/a)l 1~ and 
+el 

Pi is the mortality probability in the ith concentration 

Po is the mortality probability in concentration 0 

a is the LC50 

is a parameter inversely proportional to the maximum gradient of the dose 

response function 

Ci is the ith concentration. 

The parameters p0 , a and J3 are estimated from the counts by means of the maximum 

likelihood method; i.e . the parameter values to be selected maximize the probability of the 

counts as a function of the three parameters. Sint:e the distribution of a will not be 

symrnetrica~ the variance-covariance matrix is not estimated for the parameters po. a and J3 

themselves, but for p0, y = ln a and J3 . The variance-covariance matrix is estimated by the 

inverse of the information matrix . 

The 95% confidence limits of the LC50 are now given by 

a. exp (± 2 [•tar (y)]ll2) =a . exp (± 2 [var o~ a)]l-'2) . 

• 
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